
Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.
99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

Europäisches Patentamt

European Patent Office

Office européen des brevets

(19)

E
P

1 
13

5 
69

1
B

1
*EP001135691B1*
(11) EP 1 135 691 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention
of the grant of the patent:
02.03.2005 Bulletin 2005/09

(21) Application number: 99956922.1

(22) Date of filing: 05.11.1999

(51) Int Cl.7: G01R 29/12, G01B 7/06,
G12B 21/12

(86) International application number:
PCT/US1999/026065

(87) International publication number:
WO 2000/028338 (18.05.2000 Gazette 2000/20)

(54) ELECTROSTATIC FORCE DETECTOR WITH CANTILEVER AND SHIELD

ELEKTROSTATISCHER KRAFTMESSFÜHLER MIT AUSLEGER UND ABSCHIRMUNG

DETECTEUR DE FORCE ELECTROSTATIQUE COMPORTANT UN CANTILEVER ET UN ECRAN
DE PROTECTION

(84) Designated Contracting States:
AT BE CH CY DE DK ES FI FR GB GR IE IT LI LU
MC NL PT SE

(30) Priority: 06.11.1998 US 107400 P

(43) Date of publication of application:
26.09.2001 Bulletin 2001/39

(73) Proprietor: TREK, INC.
Medina, NY 14103 (US)

(72) Inventors:
• UEHARA, Toshio

Matsudo Chiba 271 (JP)
• WILLIAMS, Bruce, T.

Lockport, NY 14094 (US)

• ITOH, Akiyoshi
Matsudo Chiba 271 (JP)

• NAKAGAWA, Katsuji
Edogawa-ku, Tokyo 133 (JP)

• TANI, Manabu
Matsudo, Chiba 271 (JP)

(74) Representative: Moir, Michael Christopher et al
Mathys & Squire
100 Gray’s Inn Road
London WC1X 8AL (GB)

(56) References cited:
WO-A-98/13663 WO-A-99/23483
US-A- 5 440 121 US-A- 5 742 172
US-A- 5 907 096 US-A- 5 929 643



EP 1 135 691 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Background of the Invention

[0001] Hard copies with higher spatial resolution and
better quality full color pictures are always expected in
electrophotography technology. The photoreceptor is a
key device to acquire the high quality hard copies. While
on the one hand it is required to make a precise meas-
urement of charge distribution on a photoreceptor drum,
on the other hand the spatial resolution of currently
available apparatus is fairly low. Charge distribution
measurement with a very high spatial resolution is re-
quired both in electrophotography and in semiconductor
research. It would be desirable to realize a measure-
ment system which enables the charge distribution
measurement to have a spatial resolution less than
10µm in diameter with utilizing the electrostatic force.
Laser printers may already have the spatial resolution
of 600 dpi or higher, which indicates that each pixel has
approximately 21µm in diameter. Studies have been
made relating to the scanning electrostatic force micro-
scope, however, the theoretical aspects of those studies
were only extended to the analysis of a parallel plate
model and no further discussion was made relating how
the detector needle would affect the charge distribution
measurement.
[0002] A cantilever shaped sensor is normally used
for atomic force microscopes, electrostatic force micro-
scopes and similar critical dimension measurement in-
struments. The cantilever for those applications always
consists of a needle or tip detector part and an arm part.
If an electrostatic force appears at the needle part, other
electrostatic force which is caused by the same electro-
static field appears at the arm part which should gener-
ate measurement error. It would, therefore, be highly de-
sirable to shield the arm part to prevent the electrostatic
force from appearing on the arm part, so that the accu-
racy of the measurement can be improved. A shield is
disclosed in claim 1 of WO-A1-98-13 663.

Summary of Invention

[0003] The present invention is defined in its broadest
aspects by claims 1 and 6. It provides an electrostatic
force microscope for measuring electrostatic force of a
sample under test including a detector comprising a
cantilever arm having a formation at one end and locat-
ed so that electrostatic force is induced at the tip due to
electrostatic charge on the sample under test, an optical
system for transforming bending of the cantilever arm
due to electrostatic force induced at the tip into an elec-
trical signal containing a frequency components of the
electrostatic force induced at the detector tip, means for
applying bias voltage to the detector, means for detect-
ing the frequency component of the electrostatic force
induced at the detector tip so that a measurement of
electrostatic force of the sample under test can be ob-

tained, and an electrostatic shield operatively associat-
ed with the cantilever arm, the electrostatic shield being
located between the cantilever arm and the sample un-
der test, the shield being in close spaced relation to the
arm. The cantilever arm and the shield are maintained
at the same electrical potential so that lines of electro-
static force are terminated at the shield.

Brief Description Of The Drawing Figures

[0004]

Fig. 1 is a schematic diagram of an electrostatic
force microscope according to the present inven-
tion;

Fig. 2 is a diagrammatic view of a parallel plane
model;

Fig. 3 is a diagrammatic view illustrating the mesh
for the FEM calculation;

Figs. 4-6 are graphs illustrating aspects of the
present invention;

Fig. 7 is table providing comparison data illustrating
sensibility of the cantilever in the detector of the
present invention;

Fig. 8 is a diagrammatic view illustrating the mesh
for the finite element calculation;

Fig. 9 is a graph illustrating another aspect of the
present invention;

Figs. 10A-10C are diagrammatic views illustrating
different shaped detectors according to the present
invention;

Fig. 11 is a diagrammatic perspective view illustrat-
ing a systematic head of an electrostatic force mi-
croscope according to the present invention; and

Fig. 12 is a diagrammatic view illustrating the shield
according to the present invention.

Detailed Description Of The Illustrated Embodiment

[0005] A representative configuration of an electro-
static microscope to which the present invention is ap-
plicable is shown is Fig. 1. The system consists of a fine
detector with cantilever generally designated 10 and
comprising an arm 12 and a needle or tip 14, an optical
system 20 comprising laser 22 and photodetector 24, a
detection circuit 30, a sample 40 under test operatively
associated with an actuator 44 such as a piezoelectric
driver which, in turn, is operatively associated with a
scanner 48 for the actuator 44, a processor 50 connect-
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ed to the output of detection circuit 30, a controllable
source 60 of direct voltage, a feedback circuit 70 having
an input connected to the output of detection circuit 30
and an output connected in controlling relation to d.c.
source 60, and an a.c. source 80. The sample 40 under
test is connected between d.c. source 60 and an elec-
trical ground or reference. The combination of d.c.
source 60 and a.c. source 80 is connected to detector
arm 12 and to detection circuit 30.
[0006] Electrostatic force is induced at the tip 14 of
the detector due to a charge on the surface 40 under
test. The electrostatic force gives a bend to the cantilev-
er of which one of the two ends is fixed to the solid body
of transducer 90. The bending amount is transduced as
electrical signal with the optical-lever method. An exter-
nal bias voltage which consists of DC and AC is applied
via conductor 92 to the detector to distinguish the polar-
ity of the charge. The bias voltage Vt is given by equation
(1) below. Then, the detector receives the vibration force
which contains the frequency components of ω and 2x
ω. If the relation between the tip of the detector and the
metal substrate is considered as a parallel plane model
as shown in Fig. 2, the following equations (2) and (3)
give the information of ω and 2x ω components from the
electrostatic force which appears on the probe tip.

[0007] In the foregoing equations, Vt is the external
bias voltage, ρ is the density of the charge distribution,
ε is the dielectric constant of the sample under test, do
is the distance between the detector tip and the surface
under test, d is the distance between the detector tip
and the metal substrate and S is the area of the plate
respectively. If ε and do were known, one could obtain
ρ by detecting Fω (ω component of electrostatic force),
or by measuring VDC, which is given to the detector as
a feedback to let Fω become zero. If do is zero, it means
that the surface under test is a solid metal. F2ω gives the
information of roughness on the surface under test with
controlling d to make F2ω constant. Since one has to
measure the charge distribution on the dielectric film
100, the condition of do=0 is not realistic, therefore one
has to measure F2ω directly.
[0008] To obtain the electrostatic force which is in-
duced between the detector and surface charge under
test, firstly one has to calculate the electrostatic voltage
distribution which appears in the space between the sur-

Vt = VACSinωt + VDC (1)

Fω =
VDC - ρd0/ε

[d-(1-ε0/ε)/d0]2
----------------------------------------ε0SVACSinωt (2)

F2ω = 1

4[d-(1-ε0/ε)d0]2
-----------------------------------------ε0SVAC

2Cos2ωt (3)

face under test and the detector due to a charge on the
surface under test. For the sake of obtaining the voltage
distribution, the Poisson's equation is solved:

where V is the voltage to be obtained from this calcula-
tion, ρ is the density of the charge distribution, and εo is
the dielectric constant of vacuum. One can visualize the
electrostatic voltage with a computer enhancement of
the numerical data. The Finite Element Method, a soft-
ware for UNIX work station designed by Nihom Soken
(Japan Research Institute, Limited), is used for the com-
puter enhancement.
[0009] Secondly one determines the electrostatic field
distribution around the detector and the surface under
the test by utilizing the above mentioned voltage distri-
bution. Thirdly one calculates the electrostatic force
which is induced between the detector and the charge
on surface the under test from data obtained through
the previous two steps.
[0010] The electrostatic force on three different
shaped detectors has been calculated. In one detector
the tip 110 has a pillar shape as shown in Fig. 10A of
which the diameter at the tip is 20µm and the length of
the tip is 50µm, and in another detector the tip 112 has
a cone shape as shown in Fig. 10B of which the diameter
at the cantilever is 20µm with a hemisphere 113 on the
tip which has a diameter of 5µm. One other detector has
a tip 114 with perfect or right conical shape as shown in
Fig. 10C of which the diameter at the cantilever is 20µm
and the height is 10µm. A mesh configuration 120 for
the FEM calculation for the pillar type detector is shown
in Fig. 3. Finer calculation has been given to the area
where it is close to the tip of the detector. The calculation
tends to be broader in the area where it is relatively far
away from the detector. The calculation is made based
upon the conditions that:

1) The surface under test comprises a metal sub-
strate and a layer of dielectric film having a thick-
ness of 15µm - 25µm of which the relative dielectric
constant is 3.

2) The detector is located above the surface under
test. The distance between the detector tip and the
metal substrate is 30µm.

3) A charge of 1fC (1 x 10 - 15C) is located below
the detector on the surface under test.

[0011] Each calculation of electrostatic force has
been given for the three different shape detectors. Upon
the calculations the thickness of dielectric film was
changed from 15µm to 25µm. The results from these
calculations furnish information on how the shape dif-

,
2V = -ρ/εo (4)
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ference of detectors may influence the charge detection.
[0012] The calculated values in Figs. 4-6 show the
perpendicular component of the electrostatic force
which is generated on the detector to the surface under
test. It can be confirmed that the detector having wider
area at the tip, which is in parallel with the surface under
test, can generate larger electrostatic force. The result
indicates that sensitivity should be sacrificed if higher
spatial resolution is demanded or vise versa. Then, the
shape of the detector is always subject to the consider-
ation in accordance with the spatial resolution required.
It is confirmed that the wider the area of the detector tip
which sees surface under test, the larger the electrostat-
ic force which will be detected.
[0013] For a conventional parallel plate model, the
charge amount on surface under test is acquired
through first obtaining a capacitance with using electro-
static force on the detector, then acquiring the charge
amount by using the capacitance used as a constant for
the mathematical formula (2) hereinabove. What has
been done is to obtain the equivalent area as the parallel
plate model for the pillar shaped detector at do=20[µm],
then the change of the electrostatic force of the parallel
plate model in reference to the change of do is plotted
with dot line Fig. 4. The actual area of this parallel plate
model is 282[µm]2. In particular, referring to Fig. 4, curve
130 is for the pillar type detector designated 110 in Fig.
10A, curve 132 is for the cone with hemisphere tip type
112 of Fig. 10B, curve 134 is for the cone type 114 of
Fig. 10C and curve 136 is for the parallel plate model.
It is found that the results from even the pillar model de-
tector, which is very close to the parallel plate model in
shape out of three different models, were different from
the results of parallel plate model.
[0014] The error between the parallel plate model and
the new calculation increases when the distance be-
tween the detector to surface under test (d-do) decreas-
es, and when the distance reaches do=25[µm], 50% of
error has to be anticipated. This result indicates that the
equivalent area in area parallel plane model on the ac-
tual detector changes whenever the film thickness of di-
electric material (surface under test) changes.
[0015] In order to consider the film thickness meas-
urement with using 2xω component, it is necessary to
either, obtain the equivalent area in the parallel model
at several different places in accordance with the differ-
ence of the film thickness, or analyze the actual electro-
static force appearing on the detector directly. The error
in conjunction with the change of film thickness with
do=20[µm] as a reference is shown in Fig. 5. In particu-
lar, curve 140 is for the pillar type detector designated
110 in Fig. 10A, curve 142 is for the cone with hemi-
sphere tip type 112 of Fig. 10B, and curve 144 is for the
cone type 114 of Fig. 10C. One is able to see the error
of -50% to 250% in accordance with the film thickness
of 20[µm]±5[µm], especially that the error is increasing
when the detector gets closer to the surface under test.
Therefore, the results suggest that the accurate charge

amount cannot be obtained with parallel a plate model
if the surface under test is not perfectly flat. To suppress
the error less than 10% it is necessary to make the film
thickness measurement with the resolution of 0.1 to 0.5
[µm].
[0016] If the dielectric constant is not infinite and the
bottom of the surface under test is flat, the film thickness
can be measured with the following method. Firstly, the
detector tip is allowed to touch the bottom part of the
surface under test so that the reference point is calibrat-
ed. Then the position of the detector is moved upward
using the combination of piezo element 44 and scanner
48 shown in Fig. 1 and the position of the detector is set
at that high point. The excursion amount of the detector
is detected by measuring the voltage change at the pi-
ezo element. Then, one calculates each F2ω component
for the various film thickness of the dielectric film at a
fixed distance between the detector tip and surface un-
der test in advance so that the calculated results can be
used as the parameter for the film thickness measure-
ment. Therefore it is possible to obtain the film thickness
from the measurement data and calculation results.
[0017] The electrostatic force to the detector (F2ω
component) is calculated in conjunction with the film
thickness change. An AC bias voltage of 10V is applied
to the detector. The results are reported in Fig. 6. In par-
ticular, curve 150 is for the pillar type detector designat-
ed 110 in Fig. 10A, curve 152 is for the cone with hem-
isphere tip type 112 of Fig. 10B, and curve 154 is for the
cone type 114 of Fig. 10C. The least electrostatic force
was expected from the small conical shaped detector
model. Approximately 12[pN] of electrostatic force dif-
ference due to the film thickness change of 0.5[µm]
could be detected, and the detectable electrostatic force
due to film thickness change is greater than the resolu-
tion of conventional Atomic Force Microscopes (AFM)
in force detection. This confirmed on the calculation ba-
sis that the measurement of do with a resolution of 0.5
[µm] should be accomplished with using the light lever-
age.
[0018] Based upon the above calculation results, sev-
eral detectors are manufactured which are attached to
each cantilever of which tip are a few to 10[µm] in diam-
eter. The material chosen for the detectors is nickel foil
of which spring constant is in the range of a few to 10mN/
m. The physical dimensions and spring constant of the
detector and cantilever which have been manufactured
and those characteristics of the of the commercially
available Atomic Force Microscope (AFM) detectors
with cantilever are shown the table of in Fig. 7. As men-
tioned, the spring constant of the cantilevers which are
manufactured is chosen almost identical to the spring
constant of conventional AFM cantilevers. There can be
obtained the detector of which tip diameter is less that
5[µm]. The electrostatic charge measurement resolu-
tion of less than 1[fC]c, which may generate a few [pN]
of electrostatic force on the detector tip, should be ac-
complished with a spatial resolution of 10[µm]. Second-
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ly, the electrostatic force appeared on the detector was
calculated as per the calculation method shown in Fig.
4. The calculation model and the results are shown in
Fig. 8 and 9 respectively. In particular, a mesh configu-
ration 160 for the FEM calculation is shown in Fig. 8,
and curves 162 and 164 in Fig. 9 are for the Fω and F2ω
components, respectively. However, it should be noted
that the calculation was merely given for the one quarter
part of the actual three dimension model with using the
symmetric nature of the calculation model due to the lim-
itation on the memory storage capacity of the computer
system, the detector needle being relatively long so that
it was necessary to calculate large number of elements
and nodes on the FEM.
[0019] From these calculation results, it was found
that the detection error in every [µm] for the film having
a 20 [µm] was 19.5%/µm, and to reduce the detection
error to less than 10%/um it is necessary to give a film
thickness measurement with a resolution of less than
0.5[µm]. If a VAC=15V was applied to the detector, F2ω
changed with a ratio of 1pN/µm due to the AC field.
Therefore the film thickness measurement can be ac-
complished with a resolution of 0.5[µm]. Under the fore-
going bias condition for the measurement, the field
strength at the detector tip was 5.8x106[V/m]. This field
strength is low enough as compared to the field strength
of 109[V/m] where corona discharge is supposed to be-
gin, so that no corona generation is anticipated. There-
fore, it is possible to measure both film thickness and
charge amount on a sample under test using the detec-
tor of the present invention. On top of that, the erroneous
reading of charge amount due to the change of film
thickness can be reduced to less than 10%.
[0020] The schematic diagram of the systematic head
in Fig. 11 further illustrates the electrostatic force micro-
scope described hereinabove. Detector 170 has a tip
172 on one end of the cantilever arm 174, and the other
end of arm 174 is fixed to a body 176 operatively asso-
ciated with a controller 178 for the cantilever angle and
a micrometer head. A laser head 180 provides a beam
182 which is focused by line 184 onto detector 170. A
mirror 186 directs the reflected beam 188 to a cylindrical
lens 190 which concentrates the beam onto a photode-
tector 192. The surface 194 under test is on a piezo ac-
tuator 196 operatively associated with an X-Y stage 198.
[0021] With the method and apparatus as described
hereinabove, scanning in a relatively large area, for ex-
ample, several 100 cm2, is provided with relatively high
spatial resolution and a precise measurement of charge
distribution. The influence of the shape of the detector
tip or needle is taken into account, and a correction is
provided for the influence of the change in dielectric film
thickness on the sample under test. Analyzing the elec-
trostatic force on the detector using the finite element
method previously described provides an estimate of
the influence due to the shape of the detector and the
change in film thickness. For measuring a precise
amount of charge distribution if it is necessary to make

the film thickness measurement. Error is calculated in
accordance with film thickness, and the film thickness
measurement method is carried out by detecting F2w.
[0022] The electrostatic force detector with cantilever
described hereinabove has been designed and manu-
factured so that electrostatic charge can be detected on
a dielectric film which is located on a conductive surface.
It has been ascertained that by the method of knowing
electrostatic charge amount on a certain thickness of
film do through obtaining electrostatic force, the electro-
static force is changed in accordance with the change
of the film thickness do because the equivalent detector
tip area which sees the surface under test changes due
to the change of do. A few concrete samples have been
shown as well. The absolute amount of error which is
generated by the change of film thickness has been cal-
culated to prove that knowing absolute amount of elec-
trostatic charge on a film can not be accomplished with-
out compensating the data through knowing the dielec-
tric film thickness change. A film thickness measure-
ment method has been proposed with detecting F2w
component out of applied AC bias voltage and con-
firmed that the error could be reduced less than 10%
theoretically due to the change of film thickness do. A
detector with cantilever was made out of nickel foil. The
electrostatic force appeared on the detector was calcu-
lated to confirm the possibility of the electrostatic charge
detection with less than 1fC sensitivity and a spatial res-
olution of 10[µm]. From these results, a simultaneous
measurement of both electrostatic charge and film thick-
ness of sample under test can be accomplished so that
one can expect the measurement of absolute amount
of electrostatic charge on a sample under test.
[0023] In the electrostatic force detector described
hereinabove, when an electrostatic force appears at or
applies to the detector tip 14 or needle portion, addition-
al electrostatic force caused by the same electrostatic
field appears at the arm portion 12 of detector which can
cause a measurement error and reduce the spatial res-
olution. In accordance with the present invention, the
cantilever arm portion of the detector is shielded to pre-
vent the electrostatic force from appearing on the arm
portion so that accuracy of the measurement can be im-
proved. Referring to Fig. 12, there is shown a detector
200 of an atomic force microscope or an electrostatic
force microscope. Detector 200, like detector 10 shown
in Fig. 1, includes a cantilever arm 202 and a needle or
tip 204. Needle 204 can have various shapes and sizes,
and in the detector 200 of the present invention needle
204 has a length greater than that of known detectors
of this type. The illustrative shape of needle 204 shown
in Fig. 12 is a pillar with a hemisphere on the end. In
accordance with the present invention, an electrostatic
shield 210 is operatively associated with cantilever arm
202 of detector 200. Shield 210 is of metal, in the form
of an elongated strip, and is located between cantilever
arm 202 and the sample under test (not shown in Fig.
12) and in closely spaced relation to arm 202. The length
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of shield 210 preferably is the same as that of arm 202,
at least sufficient to shield the portion of the length of
arm 202 exposed to the sample under test. In the ar-
rangement illustrated in Fig. 12, the width of shield 210
is greater than the width of arm 202. However, shield
210 can have any width desired, typically at least about
the same as the width of arm 202.
[0024] The cantilever arm 202 and shield 210 need to
be maintained as an equal electrical potential, then the
lines of electric force are terminated at the shield 210
and the force on the arm part 202 by the electrostatic
field which has to be generated when the shield 210 is
not deployed at the cantilever 202 is neglected. This is
represented diagrammatically in Fig. 12 by the source
216 of electrical potential applied to both arm 202 and
shield 210. Other arrangements can of course be em-
ployed to keep arm 202 and shield 210 at the same elec-
trical potential.
[0025] A mathematical analysis can demonstrate how
effective the shield is functioning to reduce the effect of
the electrostatic force. It has been confirmed that the
force which appeared on the arm part 202 in reference
with force which appeared on the needle 204 was 42%,
whereas the force which appeared on the arm part 202
in reference with the force which appeared on the nee-
dle 204 became 0.15% after the shield 210 was de-
ployed and the effect of the force which appeared on the
arm part 202 became mostly negligible.

Claims

1. An electrostatic force microscope for measuring
electrostatic force of a sample under test compris-
ing:

a) a detector (10) comprising a cantilever arm
(12) having a formation (14) at one end and lo-
cated so that electrostatic force is induced at
the tip due to electrostatic charge on the sample
under test;
b) an optical system (20) for transforming bend-
ing of the cantilever arm due to electrostatic
force induced at the tip into an electrical signal
containing frequency components of the elec-
trostatic force induced at the detector tip;
c) means (92) for applying bias voltage to the
detector;
d) means (30) for detecting the frequency com-
ponent of the electrostatic force induced at the
detector tip so that a measurement of electro-
static force of the sample under test can be ob-
tained;
e) an electrostatic shield (210) operatively as-
sociated with the cantilever arm, the electro-
static shield being located in closely spaced re-
lation to the cantilever arm, between the canti-
lever arm and the sample under test; and

f) means (216) for maintaining the cantilever
arm and the electrostatic shield at the same
electrical potential.

2. The electrostatic force microscope according to
Claim 1, wherein the electrostatic shield is of metal.

3. The electrostatic force microscope according to
Claim 1, wherein the electrostatic shield is elongat-
ed and of a length and width sufficient to shield the
portion of the cantilever arm exposed to the sample
under test.

4. The electrostatic force microscope according to
Claim 1, wherein the cantilever detector arm is
formed from a strip of metal and wherein the tip for-
mation has a shape selected to provide a predeter-
mined electrostatic charge measurement resolu-
tion.

5. The electrostatic force microscope according to
Claim 1, wherein the means for applying bias volt-
age to the detector comprises means for applying
the combination of an A.C. bias voltage and a D.C.
bias voltage to the detector, so that the frequency
component of the electrostatic force induced at the
detector tip corresponding to twice the frequency is
detected so that a simultaneous measurement of
both electrostatic force and film thickness of the
sample under test can be obtained.

6. A method for determining the electrostatic force in-
duced between a cantilever arm detector (10) of an
electrostatic force microscope and the electrostatic
charge on a surface of the sample under test com-
prising:

a) providing an electrostatic shield (210) oper-
atively associated with the cantilever arm (12),
locating the electrostatic shield in closely
spaced relation to the cantilever arm between
the cantilever arm and the sample under test,
and maintaining the cantilever arm and the
electrostatic shield at the same electrical po-
tential;
b) determining the electrostatic voltage distri-
bution between the detector and the sample
surface due to electrostatic charge on the sam-
ple surface;
c) utilizing the electrostatic voltage distribution
obtained in step (b) to determine the electro-
static field distribution around the detector and
the surface under test; and
d) utilizing the electrostatic field distribution ob-
tained in step (c) and the electrostatic voltage
distribution obtained in step (b) to determine
the electrostatic force induced between the de-
tector and the charge on the sample under test.

9 10
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7. The method according to Claim 6, including shield-
ing the portion of the cantilever arm exposed to the
sample under test.

8. A method according to Claim 6, and for measuring
the thickness of a dielectric film on a surface of a
sample under test utilizing the electrostatic force mi-
croscope of Claim 1, comprising:

a) causing relative movement between the de-
tector of the electrostatic force microscope and
the surface under test so that the detector tip
contacts the dielectric film to calibrate a refer-
ence point;
b) causing relative movement between the de-
tector and the surface to set a position of the
detector in spaced relation to the surface under
test;
c) detecting the excursion of the detector; and
d) determining the frequency component of the
electrostatic force induced at the detector tip
corresponding to twice the frequency for the
thickness of the dielectric film at a fixed dis-
tance between the detector tip and the surface
under test so that the film thickness can be de-
termined.

9. A method according to Claim 8, wherein the twice
frequency component is detected from the applied
D.C. bias voltage for reducing error due to change
in film thickness.

Patentansprüche

1. Elektrostatikkraft-Mikroskop zum Messen der elek-
trostatischen Kraft einer getesteten Probe, das um-
fasst:

a) einen Detektor (10), der einen Auslegerarm
(12) aufweist, an einem Ende der Struktur (14)
besitzt und so beschaffen ist, dass an der Spit-
ze aufgrund der elektrostatischen Ladung auf
der getesteten Probe eine elektrostatische
Kraft induziert wird;
b) ein optisches System (20), um die Biegung
des Auslegerarms aufgrund der an der Spitze
induzierten elektrostatischen Kraft in ein elek-
trisches Signal umzuwandeln, das Frequenz-
komponenten der an der Detektorspitze indu-
zierten elektrostatischen Kraft enthält;
c) Mittel (92), um an den Detektor eine Vor-
spannung anzulegen;
d) Mittel (30), um die Frequenzkomponente der
an der Detektorspitze induzierten elektrostati-
schen Kraft zu erfassen, so dass eine Messung
der elektrostatischen Kraft der getesteten Pro-
be erhalten werden kann;

e) eine elektrostatische Abschirmung (210), die
dem Auslegerarm funktional zugeordnet ist und
sich in enger räumlicher Beziehung zu dem
Auslegerarm zwischen dem Auslegerarm und
der getesteten Probe befindet; und
f) Mittel (216) zum Halten des Auslegerarms
und der elektrostatischen Abschirmung auf
dem gleichen elektrischen Potential.

2. Elektrostatikkraft-Mikroskop nach Anspruch 1, bei
dem die elektrostatische Abschirmung aus Metall
besteht.

3. Elektrostatikkraft-Mikroskop nach Anspruch 1, bei
dem die elektrostatische Abschirmung lang ge-
streckt ist und eine Länge und eine Breite besitzt,
die ausreichen, um den Abschnitt des Ausleger-
arms, der zu der getesteten Probe freiliegt, abzu-
schirmen.

4. Elektrostatikkraft-Mikroskop nach Anspruch 1, bei
dem der Auslegerdetektorarm aus einem Metall-
streifen gebildet ist und bei dem die Spitzenstruktur
eine Form hat, die so gewählt ist, dass eine vorge-
gebene Auflösung der Messung der elektrostati-
schen Ladung geschaffen wird.

5. Elektrostatikkraft-Mikroskop nach Anspruch 1, bei
dem die Mittel zum Anlegen einer Vorspannung an
den Detektor Mittel umfassen, um an den Detektor
die Kombination aus einer Wechselvorspannung
und einer Gleichvorspannung anzulegen, so dass
die Frequenzkomponente der elektrostatischen
Kraft, die an der Detektorspitze induziert wird und
der doppelten Frequenz entspricht, erfasst wird, so
dass gleichzeitig sowohl die elektrostatische Kraft
als auch die Schichtdicke der getesteten Probe ge-
messen werden können.

6. Verfahren zum Bestimmen der elektrostatischen
Kraft, die zwischen einem Auslegerarmdetektor
(10) eines Elektrostatikkraft-Mikroskops und der
elektrostatischen Ladung auf einer Oberfläche der
getesteten Probe induziert wird, umfassend:

a) Vorsehen einer elektrostatischen Abschir-
mung (210), die dem Auslegerarm (12) funktio-
nal zugeordnet ist, Anordnen der elektrostati-
schen Abschirmung in einer engen räumlichen
Beziehung zu dem Auslegerarm zwischen dem
Auslegerarm und der getesteten Probe und
Halten des Auslegerarms und der elektrostati-
schen Abschirmung auf dem gleichen elektri-
schen Potential;
b) Bestimmen der Verteilung der elektrostati-
schen Spannung zwischen dem Detektor und
der Probenoberfläche, die durch die elektrosta-
tische Ladung auf der Probenoberfläche be-
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dingt ist;
c) Verwenden der im Schritt (b) erhaltenen Ver-
teilung der elektrostatischen Spannung, um die
Verteilung des elektrostatischen Feldes um
den Detektor und die getestete Oberfläche zu
bestimmen; und
d) Verwenden der im Schritt (c) erhaltenen Ver-
teilung des elektrostatischen Feldes und der im
Schritt (b) erhaltenen Verteilung der elektrosta-
tischen Spannung, um die zwischen dem De-
tektor und der Ladung auf der getesteten Probe
induzierte elektrostatische Kraft zu bestimmen.

7. Verfahren nach Anspruch 6, das das Abschirmen
des zu der getesteten Probe freiliegenden Ab-
schnitts des Auslegerarms umfasst.

8. Verfahren nach Anspruch 6 und zum Messen der
Dicke einer dielektrischen Schicht auf einer Ober-
fläche einer getesteten Probe unter Verwendung
des Elektrostatikkraft-Mikroskops nach Anspruch
1, wobei das Verfahren umfasst:

a) Hervorrufen einer relativen Bewegung zwi-
schen dem Detektor des Elektrostatikkraft-Mi-
kroskops und der getesteten Oberfläche, so
dass die Detektorspitze mit der dielektrischen
Schicht in Kontakt gelangt, um einen Referenz-
punkt zu kalibrieren;
b) Hervorrufen einer relativen Bewegung zwi-
schen dem Detektor und der Oberfläche, um ei-
ne Position des Detektors in einem räumlichen
Abstand zu der getesteten Oberfläche festzu-
legen;
c) Erfassen der Auslenkung des Detektors; und
d) Bestimmen der Frequenzkomponente der
an der Detektorspitze induzierten elektrostati-
schen Kraft, die bei einem festen Abstand zwi-
schen der Detektorspitze und der getesteten
Oberfläche der doppelten Frequenz für die Dik-
ke der dielektrischen Schicht entspricht, so
dass die Schichtdicke bestimmt werden kann.

9. Verfahren nach Anspruch 8, bei dem die Kompo-
nente mit der doppelten Frequenz aus der angeleg-
ten Gleichvorspannung erfasst wird, um einen Feh-
ler aufgrund einer Änderung der Schichtdicke zu
verringern.

Revendications

1. Un microscope à force électrostatique pour mesu-
rer une force électrostatique d'un échantillon sous
test, comprenant :

a) un détecteur (10) comprenant un bras en
porte-à-faux (12) ayant une formation (14) à

une extrémité et placée de façon qu'une force
électrostatique soit induite au bout sous l'effet
d'une charge électrostatique sur l'échantillon
sous test;
b) un système optique (20) pour transformer
une flexion du bras en porte-à-faux sous l'effet
de la force électrostatique induite au bout en un
signal électrique contenant des composantes
de fréquence de la force électrostatique induite
au bout du détecteur,
c) un moyen (92) pour appliquer une tension de
polarisation au détecteur;
d) un moyen (30) pour détecter la composante
de fréquence de la force électrostatique induite
au bout du détecteur, de façon à pouvoir obtenir
une mesure de force électrostatique de
l'échantillon sous test;
e) un blindage électrostatique (210) associé
fonctionnellement au bras en porte-à-faux, le
blindage électrostatique étant placé à très fai-
ble distance du bras en porte-à-faux, entre le
bras en porte-à-faux et l'échantillon sous test;
et
f) un moyen (216) pour maintenir le bras en por-
te-à-faux et le blindage électrostatique au mê-
me potentiel électrique.

2. Le microscope à force électrostatique selon la re-
vendication 1, dans lequel le blindage électrostati-
que est en métal.

3. Le microscope à force électrostatique selon la re-
vendication 1, dans lequel le blindage électrostati-
que est allongé et a une longueur et une largeur
suffisantes pour blinder la partie du bras en porte-
à-faux exposée à l'échantillon sous test.

4. Le microscope à force électrostatique selon la re-
vendication 1, dans lequel le bras de détecteur en
porte-à-faux est constitué d'une bande de métal et
dans lequel la formation de bout a une forme sélec-
tionnée pour procurer une résolution de mesure de
charge électrostatique prédéterminée.

5. Le microscope à force électrostatique selon la re-
vendication 1, dans lequel le moyen pour appliquer
une tension de polarisation au détecteur comprend
un moyen pour appliquer au détecteur la combinai-
son d'une tension de polarisation alternative et
d'une tension de polarisation continue, de façon
que la composante de fréquence de la force élec-
trostatique induite au bout du détecteur correspon-
dant au double de la fréquence soit détectée de ma-
nière à pouvoir obtenir une mesure simultanée à la
fois de la force électrostatique et de l'épaisseur de
pellicule de l'échantillon sous test.

6. Un procédé pour déterminer la force électrostatique
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induite entre un détecteur à bras en porte-à-faux
(10) d'un microscope à force électrostatique et la
charge électrostatique sur une surface de l'échan-
tillon sous test, comprenant les étapes suivantes :

a) on fournit un blindage électrostatique (210)
associé fonctionnellement au bras en porte-à-
faux (12), on place le blindage électrostatique
à très faible distance du bras en porte-à-faux,
entre le bras en porte-à-faux et l'échantillon
sous test, et on maintient le bras en porte-à-
faux et le blindage électrostatique au même po-
tentiel électrique;
b) on détermine la distribution de tension élec-
trostatique entre le détecteur et la surface de
l'échantillon qui est due à la charge électrosta-
tique sur la surface de l'échantillon;
c) on utilise la distribution de tension électros-
tatique obtenue à l'étape (b) pour déterminer la
distribution de champ électrostatique autour du
détecteur et à la surface sous test; et
d) on utilise la distribution de champ électros-
tatique obtenue à l'étape (c) et la distribution de
tension électrostatique obtenue à l'étape (b)
pour déterminer la force électrostatique induite
entre le détecteur et la charge sur l'échantillon
sous test.

7. Le procédé selon la revendication 6, incluant l'étape
consistant à blinder la partie du bras en porte-à-faux
exposée à l'échantillon sous test.

8. Un procédé selon la revendication 6, et pour mesu-
rer l'épaisseur d'une pellicule diélectrique sur une
surface d'un échantillon sous test en utilisant le mi-
croscope à force électrostatique de la Revendica-
tion 1, comprenant les étapes suivantes :

a) on produit un mouvement relatif entre le dé-
tecteur du microscope à force électrostatique
et la surface sous test, de façon que le bout du
détecteur vienne en contact avec la pellicule
diélectrique, pour étalonner un point de réfé-
rence,
b) on produit un mouvement relatif entre le dé-
tecteur et la surface pour fixer une position du
détecteur de manière espacée vis-à-vis de la
surface sous test;
c) on détecte l'excursion du détecteur; et
d) on détermine la composante de fréquence
de la force électrostatique induite au bout du
détecteur correspondant au double de la fré-
quence pour l'épaisseur de la pellicule diélec-
trique à une distance fixée entre le bout du dé-
tecteur et la surface sous test, de façon à pou-
voir déterminer l'épaisseur de la pellicule.

9. Un procédé selon la revendication 8, dans lequel la

composante de fréquence double est détectée à
partir de la tension de polarisation continue appli-
quée pour réduire l'erreur due à un changement de
l'épaisseur de la pellicule.
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